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Summary  
Studies were made of the electrodeposit ion f copper onto a single- 
crystal  Cu(100) plane and onto a polycrystal l ine copper surface both in pure 
acidic copper sulphate solution and in solutions containing various concen- 
trat ions of sulphanilamide at various current  densities. On the (100) plane at 
lower current  densities there is a transit ion from layers to ridges and then 
to polycrystal l ine growth with increasing sulphanilamide concentrat ion but 
at higher current  densities the transit ion is from pyramids to t runcated 
blocks to ridges and then to a polycrystal l ine deposit. On a polycrystal l ine 
substrate there is a change from large grains to very fine grams in the pres- 
ence of sulphanllamide. These changes are explained with the help of com- 
plexation and adsorption theory. 
1. In t roduct ion  
It is known [1, 2] that  the epitaxial growth of copper depends largely on 
the or ientat ion of the substrate and the bath conditions. Furthermore,  it has 
been shown that in purified solutions character ist ic  growth occurs when 
copper is deposited onto oriented copper surfaces [3, 4] and that habit mod- 
if ication takes place when the deposition conditions are altered [3 - 6]. 
Addit ion agents are used in plating baths to increase the brightness, 
the smoothness etc. It is known that the presence of sulphur compounds [7 - 
9] affects the nature of the electrodeposits and the electrochemical param- 
eters. It has also been observed by the authors that  on the (110) plane [10] at 
very low concentrat ions of sulphanilamlde there is a remarkable change in 
the electrodeposits. In the present paper we report the effect of sulphanil- 
amide on the electrochemical  parameters and morphology of copper electro- 
deposits. 
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2. Exper imental  
The exper,mental procedure has been descmbed in detail elsewhere [11] 
A (100) face of a copper single crystal (checked by X-ray diffraction) was 
first mechanical ly polished on 3/0 and 4/0 emery paper using ethyl alcohol as 
lubmcant and was then electropohshed [12] in 50% orthophosphorm acid at 
a constant cell potential of 1.2 V. After electropohshing, the crystal was 
washed with 10~o orthophosphoric acid and tmply distilled water and was 
transferred immedmtely to the electrolytic ell. The electrolytic bath was a 
highly purified solution of 0.25 M CuSO 4 and 0.1 M H2SO 4. A known amount 
of sulphamlamide was added to the bath as reqmred and the deposlUon was 
carried out at 2, 5, 10 and 15 mA cm 2 to a thickness corresponding to 3.6 
~m with a coulomblc harge of 10 C cm 2. The cathodic overpotential  was 
measured with reference to a freshly prepared copper electrode to an ac- 
curacy of +5 mV using an Elico digital pH meter. The surface morphology 
of the deposits was examined under a phase contrast microscope at a magni- 
f icatmn of 625× and microphotographs were taken. A similar procedure was 
adopted for the deposition of copper onto a polycrystalhne copper surface. 
3. Results 
3 1. Surface morphology 
3.1.1. On a polycrystalline surface 
When copper was deposited from pure soluUon onto a polycrystalhne 
copper surface at 10 mA cm 2 the deposit consisted of large grains (Fig. 1). 
The size of the grams was smaller (Fig. 2) when the bath contained 10 -9 tool 
1 1 sulphamlamide and on increasing the concentrat ion of sulphamlamide 
to 10-5 mol 1 1 a very fine-grained eposit was obtained (Fig. 3). At very 
high concentrat ions of sulphanilamlde the surface was highly corroded and 
there was pitting. The deposit appeared ark reddish brown and non- 
umform. Similar results were observed at 2, 5 and 15 mA cm 2 
Fig 1. Copper deposited onto a polycrystalline copper substrate from a pure acidic copper 
sulphate bath at 10 mA cm 2. (Magmficatlon, 500 × ) 
F,g 2 Deposit grown on a polycrystalhne copper substrate m the presence of 10 " mol 
1 l sulphamlamlde at 10 mA cm 2 (Magmficatlon, 500 × ) 
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3.1.2. On the (100)plane 
3.1.2.1. At  2 mA cm-2. When copper was deposited from pure so lu t ion  
onto Cu(100) a layer  type of growth  was observed in earher  work [14] (cf. 
Fig. 7). When the concent ra t ion  of su lphan i lamide  was 10 ~1 mol 1 1 large 
blocks were observed (Fig. 4). On increas ing  the concent ra t ion  to 10 9 mol 
1-1 smal ler  b locks were obta ined  (Fig. 5). At  10 -~ mol 1 l smal l  layers were 
produced (Fig. 6) and  at 10 6 tool 1 1 r idge growth was observed (cf. Fig. 10). 
A fu r ther  increase  m the concent ra t ion  to 10 5 mol 1-1 resu l ted in a poly- 
c rys ta lhne  deposit.  
Fig. 3. Deposit grown on a polycrystalhne copper substrate m the presence of 10 5 mol 
1 i sulphamlam,de at 10 mA cm -2. (Magmficatlon, 500 × .) 
Fig 4. Large blocks deposited onto Cu(100) m the presence of 10 1 ~ mol l- 1 sulphaml- 
amlde at 2 mAcm 2 (Magmficatlon, 500 × ) 
Fig. 5. Smaller blocks (cf Fig. 4) deposited onto Cu(100) m the presence of 10 9 mol 1 1 
sulphamlamlde at 2 mA cm -2. (Magnification, 500 × ) 
Fig 6. Small layers deposited onto Cu(100) m the presence of 10 7 mol 1 1 sulphamlam,de 
at 2 mA cm 2 (Magmficatlon, 500 × ) 
3.1.2.2. A t  5 mA cm z. For  pure so lut ion,  layer  growth  was observed 
(Fig. 7). When the concent ra t ion  of su lphan i lamide  in the bath  was 10 1~ 
mol 1 1 a smooth  deposit  was obta ined  (Fig. 8) but  w i th  an increased 
concent ra t ion  of 10-9 mol 1-1 the layers s tar ted break ing  up and at  10-s  
mol  1 1 complete ly  b roken  layers were produced (Fig. 9). At  10-6 mol  1-1 
i r regu lar  r idges were observed (Fig. 10). A fu r ther  increase  in the concen-  
t ra t ion  of su lphan i lamide  to 10-5 mol  1 ~ resu l ted in po lycrys ta l l ine  growth.  
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Fig. 7. Layer growth on Cu(100) from a pure acidic copper sulphate bath at 5 mA cm 2 
(Magmficatlon, 500 × .) 
Fig 8 A smooth layer deposited onto Cu(100) m the presence of 10 11 mol l- 1 sulphaml- 
amlde at 5 mA cm- 2 (Magmficatlon, 500 × .) 
Fig. 9 Broken layers deposited onto Cu(100) in the presence of 10-s mol 1 i sulphanll- 
amlde at 5 mA cm- 2 (Magnification, 500 × .) 
Fig 10 Irregular idges deposited onto Cu(100) m the presence of 10- 6 mol l- 1 sulphaml- 
amlde at 5 mA cm- 2 (Magmfication, 500 x ) 
3.1.2.3. A t  10 mA cm 2. When copper  was depos i ted  onto  Cu(100) f rom 
pure  so lu t ion  at  10 mA cm-2  a layer  type  of  g rowth  wi th  pyramids  was 
observed  (cf. Fig.  15). There  was no change in the  morpho logy  when 10- 11 
mol  1-1 su lphamlamide  was added to the  bath .  On increas ing  the  concen-  
t ra t ion  to 10-1° mol  1-1, t runcated  pyramids  were obta ined  m a background 
of  layers  (Fig. 11). A t  10-s  mol  1-1 b locks  and  t runcated  pyramids  were 
observed  (Fig. 12) and at  10 -v mol  1-1 dragged b locks  and  r idges  formed 
(Fig. 13). On increas ing  the  concent ra t ion  to 10 6 mol  1 1 r idge growth  was 
observed  (Fig. 14). A fu r ther  inc rease  in the  concent ra t ion  to 10 5 mol  1 
resu l ted  in po lycrys ta l l ine  growth.  
3.1.2.4. A t  15 mA cm-2.  When copper  was depos i ted  at  15 mA cm 2 
onto  Cu(100) in pure  so lu t ion  a la rge  number  of  pyramids  in a background 
of  layers  was observed  (Fig. 15). A t  a concent ra t ion  of  10-1° mol  1 1 
su lphan i lamide  the  number  of  pyramids  was  less and b locks  appeared  (Fig.  
16). A t  10 9 mol  1-1 pyramids ,  t runcated  pyramids  and layers  were obta ined  
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Fig. 11. Truncated pyramids in a background of layers deposited onto Cu(100) in the 
presence of 10 -10 mol 1-1 sulphani lamide at 10 mAcm -2. (Magnif ication, 500 × .) 
Fig. 12. Blocks and t runcated pyramids deposited onto Cu(100) :n the presence of 10-s 
mol 1-1 su lphamlamide at 10 mA cm-2. (Magnif ication, 500 × ) 
Fig. 13. Dragged blocks and ridges deposited onto Cu(100) in the presence of 10-7 mol 1 -L 
su lphanl lam:de at 10 mA cm -2 (Magnif ication, 500 x .) 
Fig 14 Ridges deposited onto Cu(100) in the presence of 10 6 mol 1 1 sulphani lamide at 
10 mA cm 2 (Magmficatlon, 500 × .) 
Fig. 15. Pyramids in a background of layers deposited onto Cu(100) from a pure acldm 
copper sulphate bath at 15 mA cm 2 (Magnif ication, 500 x .) 
Fig. 16. Pyramids in a background of blocks depos:ted onto Cu(100) in the presence of 
10 10 mol 1 -~ sulphani lamlde at 15 mA cm-2 (Magmficatlon, 500 × .) 
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(F ig.  17). An  inc rease  in  the  concent ra t ion  to 10 s mo l  1 ~ produced  com- 
p le te ly  t runcated  la rge  pyramids  (F ig.  18). A t  10 7 mo l  1 i su lphan i lamlde  
occas iona l  t runcated  b locks  were  observed  m a background of  r idges  (F ig.  
19). Wi th  fu r ther  inc rease  m concent ra tmn to 10- e mo l  1 ~ r idges  on ly  were  
observed  (cf. Fig.  14). A t  10 5 mo l  1 i the  depos i t '  was  po lycrys ta l l ine  w i th  
occas iona l  la rge  pyramids  (F ig.  20). 
Fig 17 Pyramids, truncated pyramids and layers deposited onto Cu(100) m the presence 
of 10 9 tool 1 -~ sulphamlamlde at 15 mA cm 2 (Magmficatlon, 500 x ) 
Fig 18. Truncated pyramids deposited onto Cu(100) m the presence of 10 s tool l i 
sulphamlamlde at 15 mA cm z (Magmficatlon, 500 × ) 
Fig. 19. Truncated blocks m a background of ridges deposxted onto Cu(100) m the pres- 
ence of 10 .7 mol I 1 sulphamlamlde at 15 mA cm 2 (Magmficatlon, 500× ) 
Fig 20 A polycrystalhne depomt with occasional large pyramids deposited onto Cu(100) 
m the presence of 10 6 mol 1 1 sulphamlamlde at 15 mA cm 2 (Magmficatlon, 500 × 
3.2. Overpotential 
3.2.1. On a polycrystalhne surface 
I n  pure  so lu t ion  the  overpotentml  in i t ia l l y  inc reased  and  a t ta ined  a 
constant  va lue  on  the  po lycrys ta lhne  copper  sur face  at  a l l  cur rent  dens i t ies .  
In  the  presence  o f  low concent ra t ions  o f  su lphamlamide  (10 9 _ 10 s mo l  
1 1) the  behav lour  remained  the  same.  Wi th  concent ra t ions  o f  su lphan l l -  
amide  h igher  than  10 5 mo l  1 ~ there  was  no regu lar i ty  in the  var ia t ion .  
The  Ta fe l  re la t ion  he ld  good  on ly  at  low concent ra t ions  of  su lphamlamlde  
(10 9 _ 10 s mo l  1 1) (F ig.  21). 
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The  Ta fe l  s lope  (F ig.  21) was  found  to be 126.2 mV in pure  so lu t ion  
and  the  exchange cur rent  dens i ty  was  1.8 mAcm 2. However ,  m the  pres-  
ence  of  su lphamlamide  (10 9 _ 10-5 mo l  1 ~) the  s lopes  and  the  exchange 
cur rent  dens i t ies  were  found  to be about  132.9 mV and  1.7 - 1.4 mAcm-  z 
respect ive ly .  
~ 200 
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(a) 
Fig 21 Overpotentlal vs 
102 
Current Density ( mAlcm 2 ) 
(b) 
current density for copper deposition onto polycrystalhne 
copper m (a) pure acidic copper sulphate solutmn and (b) copper sulphate solutmn con- 
ta ln lng10 9mol l  1 sulphamlamlde (a) zo=18mAcm 2, b=1262mV, (b)  t o=17mA 
cm 2, b = 132.9 mV 
3.2.2. On the (100)plane 
The overpotent ia l  dur ing  depos i t ion  inc reased  w i th  t ime and  a t ta ined  a 
s teady  va lue  when copper  was  depos i ted  f rom a pure  ac id ic  copper  su lphate  
bath  at  a l l  cur rent  dens i tms .  When the  depos i t ion  was  car r ied  out  in  the  
presence  o f  su lphan i lamlde  (10 11 _ 10 -s mo l  1 1) the  same t rend  of  f i rst  an  
inc reas ing  overpotent ia l  and  then  a s teady  va lue  was  observed .  The  over -  
potent ia l  d id  not  vary  w i th  t ime when r idge  growth  was  observed .  Even  
Y 
(a) (b) 
o o /  
16 ~2 ~ lb2 
Current Density (rnAJcm 2) 
(d) (c) 
Fig. 22. Overpotent]al vs current density for copper deposition onto Cu(100) m acidic 
copper sulphate solution containing vamous concentrations of sulphamlamlde: (a) pure 
solution, b = 116.2 mV, to = 1.5 mA cm-2, (b) copper sulphate solution containing 10 11 
mol 1 1 sulphamlamxde, b = 126.5 mV, t 0 = 1 5 mA cm-2, (c) copper sulphate solution 
containing 10 9 mol 1 i sulphanilamide, b = 132 9 mV, z o = 1 4 mA cm -2, (d) copper 
sulphate solution containing 10-6 mol 1 -~ sulphamlamxde, b = 126.3 mV, to = 1.35 mA 
cm 2 
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when pyramidal  deposits were obtained the overpotent la l  was constant  
throughout  he deposit ion time a l though the ml tml  value was higher m the 
presence of sulphani lamlde than it was for the pure solution. Under highly 
purffied condit ions the Tafel slope (Fig. 22) was found to be 120 + 5 mV and 
the exchange current  density was 1.5 mA cm 2 for the steady value of the 
overpotential .  The presence of su lphamlamlde (up to 10 5 mol 1 ') did not 
change the Tafel slope (130+5 mV) and the ~o value was 1.4 mA cm 2 Plots 
of overpotentml  as a function of current  density for var ious concentratmns 
of su lphamlamide are given m Fig. 22. 
4. D iscuss ion  
Several  mechanisms have been proposed to explain the vary ing actmn 
of addit ion agents m the electrodeposlt lon process ; of these the surface 
adsorpt ion theory and the complex 1on [14] theory seem to be most pert inent  
m the present context. The observed 2RT/F values for the Tafel slopes in 
pure solut ion on the Cu(100) plane and on a polycrystal l ine surface are m 
accordance with 
slow 
Cu 2+ +e , Cu + 
fast 
Cu + +e ~ Cu 
as found by Mattson and Bockris [15] and Bockms and Kita [16]. The Tafel 
slope m the presence of low concentrat ions of sulphani lamide was found to 
be 130 + 5 mV. This indicates that  there is no change m the react ion path, 
~.e. that  the first electron transfer  is the rate-determining step 
It is known [17] that  su lphamlamlde forms a complex (1:2) with 
copper(I I)  in acidic [18] copper sulphate solution. At low current  densltms 
the complex may be in the outer Helmholtz plane, decomplexat lon may then 
take place, causing the rate of deposit ion to slow down to some extent. 
However,  at higher current  densit ies the complex may be adsorbed at the 
electrode, leading to an increase m overpotent ial .  
The change from layer growth to shortened layers and then to mdges at 
the current  densit ies studied may be explained [15] as follows. The excess of 
su lphamlamide m each case obstructs a considerable number  of the growth 
sites on the active surface and finally hinders growth so much that  he 
format ion of a nucleus for a new layer requires a smal ler act ivat ion energy 
than further  growth of the old layer. The old layer stops growing and in- 
stead a new layer starts to grow. Thus the result  of increasing the concen- 
t rat ion of su lphamlamlde is always shortened layers. The t runcat ion of 
square pyramids may be explained as follows. The complex may be specl- 
fically adsorbed on active sites on the Cu(100) face and also on the apexes of 
the pyramids and thus the vert ical  growth of the pyramid may be hindered, 
leading to t runcated pyramids (Figs. 11 - 13, 17 and 18). 
At higher concentrat ions (above 10 ~ mol 1 ') of sulphani lamlde the 
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complex  may be prec ip i ta ted  at  g rowth  s i tes  or  at  the  in ter face  reg ion  where  
it obst ructs  the  incorporat ion  of  copper  ad ions ,  caus ing  an increase  m over-  
potent ia l  and  random nuc leat ion .  The random nuc leat ion  resu l ts  m a poly- 
c rys ta l l ine  depos i t ,  and the  Tafel  re la t ion  no longer  ho lds  
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